INTRODUCTION
A growing literature has documented increased health care costs ranging from 1.4 to 4 times higher for women who have been exposed to intimate partner violence (IPV) compared to other women. [1] [2] [3] [4] [5] [6] Increased health care use has been found for abused women across both inpatient and outpatient service settings. 1, 2 .
Prior research has also documented that the greater health care utilization attributable to IPV is sustained for some period after direct exposure ends. For example, Rivara et al. report that health care use among women exposed to IPV was 20 percent higher during the 5-year period following the end of IPV compared with women who reported no experience with IPV during their lifetime. 2 However, no studies, to date, have determined how and whether health care costs for abused women return to baseline levels at some point after IPV ceases. Specifically, do health care costs for women exposed to IPV converge with those of non-abused women after time elapses? We bridge this information gap by examining health care costs among women while they were exposed to IPV and up to 10 years following the end of their exposure. Our goal is to estimate the impact of IPV on health care use and costs during the period of abuse exposure, as well as to examine the specific manner in which exposure impacts health care costs after abuse ends. The approach we take is to estimate the mean costs experienced by women exposed and not exposed to IPV for each of the 11 years we examine. This analytic strategy has not been applied to IPV, and we think it has several advantages over previously reported studies of the cost of IPV. First, our estimates allow for an explicit tracking of the economic consequences of IPV during and following women's exposure on an annual basis. These data may be useful to public and private decision makers as they plan for and allocate population-based health care resources. Second, these data are necessary for conducting incremental cost effectiveness analyses of programs designed to reduce the impact of IPV.
METHODS

Design Overview
We compared total health care costs among women exposed to IPV during the period of abuse and for up to 10 years after women reported their abuse had stopped to agematched women who had never been exposed to IPV during their adult lifetime. This study was conducted at Group Health Cooperative, the nation's oldest and largest consumergoverned integrated group practice. Group Health serves approximately 550,000 enrollees in Washington State and northern Idaho. More than two thirds of enrollees receive care through its integrated group practice that operates in the Puget Sound region of western Washington and in metropolitan Spokane in eastern Washington. The remainder of Group Health's enrollees receives care from a statewide contracted network of providers and facilities. Socio-demographic characteristics of the Group Health population are similar to those in the surrounding area; however, the Group Health population is more highly educated, and whites are slightly overrepresented and Asians slightly underrepresented compared to the surrounding area. 7 
Setting and Participants
We provide a brief overview of the sampling and recruitment process, with details available elsewhere. 7, 8 . A total of 6,666 Because of the response rate, we used logistic regression to predict the probability of participating in the survey as a function of age, length of enrollment at Group Health, and healthcare utilization in the year prior to the survey. Nonrespondents were older (45.3 vs. 43.1 years) and were more likely to be nonusers of health care services (14.5% vs. 7.1%) when compared to respondents. 2 However, despite these differences, the estimated probability of study participation was similar for women exposed to IPV compared to women who reported no IPV (0.58 vs. 0.57). 2 . These analyses indicate that non-response should not bias the estimated effects of exposure to IPV on cost and utilization.
Survey and Definitions
The telephone survey asked whether women had had an intimate partner since age 18, the gender of their current or most recent partner, the status of the partnership, and, if applicable, the beginning and ending years of the relationship. This information was gathered for women's three most recent partners. These data provided the complete intimate partnership history for the past 5 years for 98.7% of all respondents. Finally, women were asked to estimate how many intimate partners they had had in their adult lifetimes, if they had had more than three. Intimate partner violence exposure since age 18 was assessed using five questions covering physical, sexual or non-physical (e.g., threats, controlling behavior) IPV from the Behavioral Risk Factor Surveillance System (BRFSS) 7,9-12 .
Women were classified as experiencing any IPV if they reported physical, sexual, or non-physical abuse on the BRFSS questions. Women who indicated the presence of abuse on the BRFSS were also asked about the year in which each abuse type started and stopped. Intimate partner violence was defined as physical, sexual, or psychologic violence between adults aged 18-64 years who were present or past sexual/ intimate partners, in heterosexual or homosexual relationships. Intimate partners were defined as current or former spouses, non-marital partners, or dating partners in relationships lasting longer than 1 week. In concert with current Centers for Disease Control and Prevention definitions, an intimate partnership could have been present without a sexual relationship. 13 Questions from the Behavioral Risk Factor Surveillance System (BRFSS) and the Women's Experience with Battering (WEB) Scale. [14] [15] [16] [17] The five BRFSS questions assessed exposure to physical abuse, sexual abuse (forced intercourse or sexual touching), fear due to anger or threats of an intimate partner, and controlling behavior; these are scored dichotomously. This survey has been widely used in the United States. The tenitem WEB was used to assess battering resulting from a woman's perceived loss of power and control due to interaction with her partner. Each item is scored on a sixpoint Likert scale ranging from 1 (strongly disagree) to 6 (strongly agree 
Cases and Controls
We assessed women's health care cost data starting January 1, 1992, or her first date of enrollment in the health plan as an adult (aged ≥18 years). Follow-up for the assessment was through December 31, 2002, or the date of last disenrollment in the plan. A woman could have more than one start and stop date if she dis-enrolled and then re-enrolled in the health plan between 1992 and 2002. 2 To ensure complete capture of health services data for estimation of annual health care costs, the analyses only included followup years in which the woman was enrolled in Group Health for at least 2 months in each calendar quarter, for all four quarters of the year. 15 The primary aim of the analysis was to estimate costs associated with health services for abused women (cases) during abuse and as a function of time after the end of abuse, and to compare this cost trajectory to that of women who had not been exposed to IPV (controls). All time between when the abuse first started and the when the abuse ended were treated as "during" abuse for the purpose of our analysis. Since abuse may have spanned across multiple years, women may contribute multiple follow-up years to the estimates of cost and utilization measured "during" abuse.
All women who reported never having been exposed to IPV served as controls. Because there was no specific time period to anchor the time series of health care use among women not exposed to IPV, these control women were assigned to pseudo IPV exposure periods using an agebased frequency match to exposed women. We then considered the corresponding period of exposure for controls as their frequency-matched cases.
Statistical Analysis
We use repeated measures general estimating equations to examine the manner in which health care costs changed over time. Generalized estimating equation methods correct for the problem of correlated data structure that is common in health cost analyses and allow for missing data in a time series design, 20, 21 so an individual need not be enrolled within Group
Health during each year of potential exposure or post exposure to IPV. We conducted our analyses from the health plan perspective using the subject-year as the unit of analysis. We estimated the regression using a gamma error distribution with a log link 22 and used the 'sandwich' method described by Huber to produce robust standard errors. 22 Health care costs were adjusted for women's age, race, education, income level and marital status, employment status and whether living in an urban or rural setting. Age was measured as of the calendar year for which costs were captured, but all other control variables were determined from the telephone survey. We adjust for underlying drivers of health care cost through the Resource Utilization Band (RUB) measure of the Adjusted Clinical Group (ACG) co-morbidity classification. [23] [24] [25] RUBs are a categorical variable ranging from 0-5 to reflect relatively low to high expected resource use, based on the diagnoses an individual received in the prior 12 months.
RESULTS
Of the 3,271 eligible women, 1,404 (42.9%) reported IPV exposure since age 18. The analysis focused on health care costs during abuse and up to 10 years after IPV ended. Followup years that occurred before the start of abuse or more than 10 years after abuse stopped were excluded from the analysis. A total of 1,245 women (545 cases, 700 controls) were excluded because they did not have at least one year of health care cost data during or within 10 years of the exposure period. The analytic sample included 1,167 women not exposed to IPV and 859 exposed women, and are described in Table 1 . Because women were asked to report the year that they were first and last exposed to IPV, the exposure period for IPV includes multiple years of experience for most women. Therefore, women exposed to IPV contributed a total of 2,211 years of exposure to IPV for a mean of 5.1 (SD 3.7, maximum = 11) years per woman. Slightly less than one quarter (24%) of women surveyed said that their abuse was extremely severe, and 38.7% reported their abuse as not severe or slightly severe. Severity was based on each woman's perception about how violent each abuse experience was, and women rated the overall severity of each IPV type over multiple partners using the following 4-point response scale: not violent, slightly violent, moderately violent, and extremely violent.
Compared to controls, women exposed to IPV were slightly older at the time of the baseline survey, more likely to be white and working at least part time, were less likely to have a college education, and were more likely to have lower incomes, although only the difference in income was statistically significant (Table 1) .
Adjusted total health care costs by year and IPV exposure are presented in Figure 1 . Lifetime exposure to IPV resulted in $585 greater annual total health care costs during the period of abuse (p<0.05), and these greater health care costs remained significantly (p<0.05) higher for 3 years following the end of exposure. During this 3-year period following the end of exposure to IPV, the mean IPV-attributable costs ranged from $785 to $1,200. The difference in costs persisted into the 4th year, but the difference was not statistically significant. By the 5th year following the end of exposure, health care costs among women exposed and not exposed to IPV were similar, and this trend persisted for the entire 10-year follow-up period.
Similar results were also found for analyses of costs for inpatient services, visits to primary and specialty care providers and outpatient pharmacy use. Primary care costs were statistically greater (p<0.05) in years 3 and 4 following the end of abuse, specialty care in year 2 following abuse and pharmacy cost in year 1 and 2 post-IPV exposure. Inpatient care costs were slightly more variable because relatively few individuals are hospitalized in any given year. Inpatient costs Figure 1 . Total health care costs over time by IPV exposure.
were statistically greater (p<0.05) in years 3, 4, 5, and 9 following the end of exposure.
DISCUSSION
We examined health care costs up to 10 years following the end of exposure to intimate partner violence. Previous studies have reported on the health care costs of women exposed to IPV both during and following their exposure. Our study is unique in that we provide explicit estimates of the mean costs per year over an 11-year period, which provides health care decision makers with new information about the manner in which exposure to IPV effects health care seeking behavior. Relative to women with no IPV history, total health care costs were significantly higher during IPV exposure, costs that were sustained for 3 years following the end of exposure. By the 4th year following the end of exposure to IPV, health care costs among women exposed to IPV were similar to women with no experience with IPV, and this pattern held for the remainder of the 10-year study period.
Health care costs may remain higher among abused women after their abuse exposure for several reasons. As prior studies have noted, women may continue to experience physical and emotional consequences of IPV years after their abuse exposure. 8, 26, 27 These emotional and physical complications could cause women to seek care for a period of years, a finding also supported by prior research. 2 Women may also feel the need to maintain a relationship with their abusive partner either for their own economic security or because of a desire to maintain a stable environment for their children, which could result in their continued use of health services through their partner's insurance. Our findings may underestimate the true impact of IPV on health care costs during periods of abuse because of our study design. We asked women to report the year that exposure to IPV began and ended, a crude estimation of abuse start and end dates; thus, the 'exposed' period may actually include a prolonged period for many women. On average, the women included in our analysis reported exposure for 14.5 (SD 11.1) years on average, and of these, 5.1 (SD 3.7) years of data on average are available from Group Health automated information systems. Because of this, the exposed period includes a wide range of experience and severity that limits the ability to characterize the impact of IPV exposure on health care use. An important implication of the parent study on which this analysis is based is that IPV should be considered as a chronic condition that has acute exacerbations, and our study definition was based on this understanding. Therefore, the multiple years during which a woman is exposed to IPV reflects IPV's chronicity, but as with many other chronic medical conditions, health service use is likely to be heterogeneous over the course of the natural history of an illness.
The prolonged impact on health care costs associated with IPV is consistent with findings for a wide range of behaviors and health events such as tobacco use and alcohol and drug abuse. Our findings highlight the need for policy makers to consider the ongoing needs of women after abuse ends. [28] [29] [30] [31] [32] In this regard, IPV may be more similar to a chronic health condition, in which the diagnostic and treatment phase must be followed by long-term management. 33 Our results may also point to a greater economic benefit from interventions designed to reduce the prevalence of IPV or to mitigate its impact once it has occurred. Interventions designed to positively impact women's health have the potential to reduce the rate of growth of health care costs if these interventions are successful in effectively responding to women's health care needs during and following their exposure to IPV.
